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Nuclei of interest

- huclei at or close to the N = Z line
- nuclel with 0* - 0* transitions

- T=1/2 mirror nuclei (N=2Z-1 > N= Z+1; e.g.2!Na > 2!Ne)

- nuclei with fast (small logft) and pure Gamow-Teller transitions
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- CVC
unitarity of CKM matrix

right-handed currents
scalar currents

. searches for exotic weak currents

- scalar currents
- tensor currents

. symmetry tests
- parity

- time reversal
N. Severijns et al., Rev. Mod. Phys. 78 (2006) 991

searches for heavy neutrinos
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1. 3t-values of 0* - 0* superallowed Fermi transitions
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(') Towner and Hardy, PRL 94 (2003) 092501, PR C71 (2005) 055501
(3) Savard et al., PRL 95 (2005) 102501
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Error budget,

required precision, . ove:al!lgiecision: Ft=(30744%£1.2)s
and opportunities =
for MYRRHA (arrows)

= single measurements of T,, and BR: <103
- theoretical corrections: 6., 6's ~ 1% — <10%
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Options: - improve quantities indicated by green & blue arrows

- if CVC accepted - Ft-measurements test 5. - oyg from theoretical models
- go for factor ~10 higher precision in Ft than available now for the 4 isotopes indicated
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isospin-mixing corrections + NS radiative corrections

Calculated 6, - 0Opg (%)
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physics information from the 0* - 0* Fermi transitions

1. Conserved Vector Current hypothesis

cf. supra

2. unitarity of CKM quark-mixing matrix Left Right Symmetric models

3. right-handed (V+A) currents / W, =W__sing + W, cosC
o = m,?/ m,?

-0.0005 < ¢ < 0.0015 (90% C.L.)

4. scalar currents R°H
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2. Searches for exotic weak currents via correlation measurements

decay rate for beta decay
of (un)polarized nuclei

B-asymmetry R-correlation
interference term
(b=0in
standard model )

correlation

E, X = (X = a, 4, ..)

1 +5b e y=y1-(aZ)’

Ee
+
; , nucleus Ee
0
¥

Note: a, b, A, R, ... depend on the coupling strengths
for the different possible weak interaction types (i.e A, V, S, T)

J,D, Jackson, S.B. Treiman, H.W. Wyld, Nucl. Phys. 4 (1957) 206
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measure

Pe 4 . a
EeEV 1+b7/me

(with y=+/1-(aZ)?)
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Cy
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Ca

(assuming maximal P-violation and T-invariance for V and A interactions)

recoil corr. (induced form factors) ~ 10-3 ;

radiative corrections ~ 104
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traps for correlations in nuclear beta decay

isotope trap meas. lab
21Na MOT ar (" LBNL N. Scielzo, S.J. Freedman et al., PRL 93 (2004) 102501
38mK MOT ag @ TRIUME A. Gorelov, J. Behr et al., PRL 94 (2005) 142501
6He Paul acr LPC/GANIL R. Rodriguez, O. Naviliat et al., NIM A565 (2006) 876
3SAr Penning ar KUL/ISOLDE |M. Beck, N. Severijns et al., NIM A503 (2003) 567
21Na, ®*Ne, 22Mg MOT a D KV G.P. Berg, K. Jungmann et al., NIM B204 (2003) 52
82Rb MOT Acr LANL S.G. Crane, D.J. Vieira et al., PRL 86 (2001) 2967

() = 0.5243(91) Scielzo et al. PRL 93(2004) 102501
(2) = 0.9978(30)(37) Gorelov et al. PRL 94 (2005) 142501
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ISA|C [on | beam | le— 15 cm ——>]

Electrostatic
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search for exotic scalar couplings with 33MK (J.Behretal.)

Bmp s BAr+e +v

superallowed 0* > 0" pure Fermi transition (t;, =0.95 s)
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Phys. Rev. Lett. 94 (2005) 142501
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» search for exotic tensor couplings cooling /bunching
Pe * Pv in a Gamow-Teller transition
“ E.E, ) SHe — SLi + e~ + e
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(—\ WITCH double-Penning trap system at ISOLDE-CERN

Py K.U.Leuven, ISOLDE-CERN, Uni Miinster, GSI, NPI-Rez (Prague)
Weak Interaction Trap cooler & decay Penning traps Pt
for CHarged particles + retardation spectrometer

search for exotic scalar/tensor couplings
in the beta-neutrino correlation by Retardation

\ recoil ion energy spectrum shape ~ spectrometer
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Measurement ---=---
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Bv-correlation from Doppler-shift of f-delayed y-rays

nuchey
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The interferometers used in the GAMSS

it 167 5
. T 1BNE
.'"-'-. !
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0+ 18fs 8t tgpas ES 2384 keV
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1t 1.8 4 A el log fr 3 ]'“S JE0 ket
IBF
V. Egorov et al., Nucl. Phys. A 621 91997) 745
Vacihin chatabey =TT /T —emy—
2me =942 eV R=—(P + ¢) |
Tlecail :
1

high-resolution gamma-ray spectrometer

- momentum of recoll nucleus
and therefore

direction of v momentum
obtained from

measured Doppler shift

and
beta particle momentum

- Doppler shift from
precise measurement of
y-ray energy

with a

crystal spectrometer




2b. B asymmetry, A

for a pure Gamow-Teller transition :

- +C.

)% Ca

/ =2y |

-0.008 < Im (C;+C’;)/IC, < 0.014 (90% CL) from BLi @ PS}/R. Huber et al., PRL 90 (2003) 202301

112

AA =0.01 > (for ym/E,=20.5) Re [(Ct+Ct’)/Ca] <0.033 (90% CL)

(assuming maximal P-violation and T-invariance for V and A interactions)
recoil corr. (induced form factors) ~ 103 ; radiative corrections =104 /| Agtrindependent of nuclear matrix elements
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energy F. Wauters, l. Kraev, D. Zakoucky, N. Severijns et al.

no field (9) 1 - v
v 0)= 2 =1+ Al P(— Qcosd
N(e)unpol <
magnetic L “ M
field on 1 (polarization P from anisotropy of y-rays ) (Geant 4
populatio
1— warm <P I%»ald

Analysis:

Leuven: CoCu, B_,=13T

AR p Y Qcose} i
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Countrate normalized on 4K data

-
Q
Lo

1

experimental data

o
©
a
1

I

=
w0
o
1

_ 1708 mKild
. 10,42 MK jiiig
0,80 ._51 *. f R i
o7s - 7,46 MK

! ! ! I 1 ! | ! | ! | !
1000 1200 1400 _ 1600 1800 2000 2200 2400
Time (arb units)

10 . , . , . , . ,

Expt. data. }
—— GEANT4.8.1, CFS=1 um
- - - GEANT4.8.1, CFS =10 um

simulations

counts/sec

0,1 4 .
50Co exp. B-spectrum
VS.
Geant4
0,01 (B=13T)
0 ' 1(I)O ' 2(I)O ' 3(I)O ' 4(I)O ' 5(I)O

Energy, keV

[W(©0)-1] -

eXp A /
[ W(Q)—l ]Geant get eXp ASM

From ratio

preliminary results :
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3. Symmetry tests - parity violation

Manifest Left-Right
3a' B asymmetry, A Symmetric models

_ —.E ~ = £ - W sing
B O =1+ T @m

W, sin{ cosC

d=m2/my2 ; € =0.001

//
45, = 1/%.{ 1 - 2(5+g)2}

for a pure Gamow-Teller transition :

(assuming T-invariance for V and A interactions, and no tensor component)

AA =0.002 —» M(WSpg) <400 GeV/c? (90% CL)
AA =0.001 — M(WpR) <475 GeV/c? (90% CL)

present 90% CL lower limit is M(WRg) < 320 GeV/c? (Severijns et al., NP A 629 (1998) 423c)

“probing the 500 GeV/c? region would provide new information on several extensions of the Standard Model “
(Herczeg, Prog. Part. Nucl. Phys. 46 (2001) 413)

recoil corr. (induced form factors) ~ 103 ; radiative corrections 104 /| Agrindependent of nuclear matrix elements
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3b. v asymmetry, B

~ NOF 2 ~ NOF
Bl = x| 1 - 2(s+¢)| = AL

B eXp
BSM

STK) =0.981 + 0.020(stat) = 0.013(syst)  (in about 4 days of beam time ;
( y

\ D. Melconian et al., Phys. Lett. B 649 (2007) 370 )

can be reduced by factor of about 3 to 4!

v

then to be reduced by factor of about 6 to 7
to be about equal to systematic error !
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3. Symmetry tests - time reversal violation

J (P.xp,)
ECEV

- D correlation : D

- sensitive to time reversal violating V, A interactions

- only measured for neutron and for °Ne till now ( always statistics limited !)

/ \

D =-0.0004(6) D =0.0001(6)
( several authors, 1958 - 2004 ) ( F. Calaprice et al., 1969 - 1984 )
. J -(GxP,)
- R correlation : R ——
correlatio E.E,

- sensitive to time reversal violating S, T interactions

- only measured for neutron, 8Li and '°Ne till now

R=0.007(19) R=0.0009(22) R =0.079(53)

(preliminary) R. Huber et al., F. Schneider et al.,
K. Bodek et al., PRL 90 (2003) 202301 PRL 51 (1983) 1239
to be published
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In preparation: D(2'Na) in MOT optical trap at KVI-Groningen

1 000 000 Na atoms @ <1 mK




4. Searches for heavy neutrinos

- recoil energy for nucleus that has emitted heavy neutrino is lower than for light one
-> recoil ion energy in beta decay probes existence of heavy neutrinos
that would mix ( with amplitude U, ) with light neutrino :

Vo) = V1 — |Ues|20) + Uss|va)

- current best result in nuclear beta decay 10 e P N T
— S’Ar EC (u)
from 38mK > - =
( Trinczek et al., PRL 90 (2003) 012501 ) = _a

v 10 3
|-

> 107 s
g s N [
< 10 __ }ﬂ .i}.'.f) _H_-"_“——--____________

05 10 15 20 25 30 35 440
v Mass [MeV]
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- e.g. heavy neutrino search with the

Intensity (a.u.)

WITCH spectrometer :

decay : 14Eu (10.2s) > 14Sm
EC-branching : 9.7%
Qgc-value: 6.3 MeV

beta recoil endpoint: 125 eV
EC(m, = 0) recoil peak : 149 eV

& search for peak at e.g. 138 eV
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1. ft-values

- 0% > 0* transitions (test CVC, unitarity test, right-handed currents, scalar currents,
test nuclear structure corrections, ...)

T, and BR for '®Ne, 34Ar, 3¥™K and “Rb

2. searches for exotic weak currents (scalar and/or tensor currents)
> - atom traps (e.g. ?'Na, 37K, 38mK), Penning traps (e.g. 3°Ar), Paul traps (e.g. °He),
- beta asymmetry measurements (e.g. °Ne),
- but also Doppler-shift of gamma-rays (e.g. '®Ne, 3°Ar) with a crystal spectrometer

3. symmetry tests

- parity beta asymmetry measurements (e.g. '®Ne)

neutrino asymmetry in nuclear beta decay (e.g. 2'Na, *K)

- time reversal

D correlation (J.p.xp,; V,A)- (e.g.'°Ne)

R correlation (c.Jxp,; S,T) - (e.g.®Li, "°Ne)

4. searches for heavy neutrinos

Motivation: - long measuring times
- high precision
- good knowledge of apparatus required (systematc effects)

N. Severijns, 06-09 April 2008, BRiX workshop






B-decay Hamiltonian (Lee & Yang) :

Hglg =« (pln) [e 1 (Cs+Cgys)v]

1 _ _ '
+ E(pawn) le 0,, (Cr + Cp ys5) v ]

‘@) Le 7,7s(Cy + Cy75) V]
+ W]

with y; (i=1,2,3,4) Dirac matrices (ys =,7,7374)

1
and 0, == (V2 =Vl u)

P-violation if C;#0 and C, #0
T-violation if Im(C)’/C;)#0
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the Standard Model and beyond:

* C,=1 (CvC)
* C, = -1.27 (ga/gyv =-1.2699(7) from n-decay )
* C,/=C, & C, =C, (maximalP-violation)

" Cs=Cg =C; =C=Cp =Gy

0 (only V- and A-currents)

experimental upper limits:

for right-h i i
(neutron and nuclear B-decay) orrig t-handed exotic couplings

01F

G /C,[<0.09 005

(") 0 3o
(/0 |<007  (95%CL) S

S 4 -0.05F

01F

from: N. Severijns, M. Beck, O. Naviliat-Cuncic, 0.1 0.05 C;C 0.05 01
Rev. Mod. Phys. 78 (2006) 991 Y

*

no time reversal violation
(apart from the small CP-violation described by the phase in the CKM matrix)
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Comparison of beta decay rhc results with collider results,

assuming general LRS models
Mwg(GeVic?)
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Number of Protons, Z
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Number of Neutrons, N
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Princeton D('°Ne) experiment

- polarized °Ne from Stern-Gerlach magnet B B
J-(p,xp,) 1s equivalentto -J-(p,xXpg)

for atoms in thecell -

B <I_je +l—5v +]_5R> =0
- E('°F’) < 200 eV

result: D =+0.0004(8)
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Schematic illustration of the cylindrical cell and the detector system. Polarized "Ne, which enters the
A uniform magnetic field maintains the polarization

FIG. 1.
cell through a long narrow channel, fills the entire cell (dots).
along the cell axis. In a typical decay the positron passes through the thin wall of the cell to one of four plastic
scintillators (g, through 8,). The F~ recoil ion is accelerated along the cell axis by an electric field. The ion
strikes the inside surface emitting secondary electrons which are accelerated into an electron multiplier segmented

in four parts (F, through F.).
N. Severijns, 2-5 April 2007, ECT*



experimental set-up and result - 8Li

R. Huber et al., PRL 90 (2003) 202301
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